Introduction {#Sec1}
============

Toxic epidermal necrolysis (TEN) and Stevens--Johnson syndrome (SJS) are potentially life-threatening type IVc immune reactions with inflammation mediated by cytotoxic T lymphocytes, that present with mucocutaneous blistering reactions with epidermal detachment and extensive necrosis \[[@CR62]\].

The skin reaction is termed SJS when less than 10% of the body surface area (BSA) is involved. The intermediate form is classified as SJS/TEN and has 10--30% skin involvement. TEN describes the skin reaction when greater than 30% of the BSA is involved. Greater than 90% of patients with SJS have mucous membrane involvement, and nearly all patients will have mucous membrane involvement in TEN \[[@CR54]\]. The overall range of disease will henceforth be referred to as SJS and TEN in this discussion. The whole spectrum of this disorder can involve other organs, which can complicate treatment and convalescence \[[@CR69]\].

Epidermal cell necrosis is caused by aberrant immune activation by a variety of stimuli but mostly medications. Cytotoxic T lymphocytes are induced with CD4+ cells and innate immune cells to secrete granulysin and other cytokines that puncture the cell membrane and cause sufficient damage to induce widespread apoptosis in a rapid fashion \[[@CR12]\].

Etiology {#Sec2}
========

While approximately 5--20% of cases remain idiopathic \[[@CR66]\], SJS and TEN are thought to be due to a combination of immune predisposition and exogenous stimuli such as medication \[[@CR43]\] or infection that results in apoptosis of epithelial cells \[[@CR59]\]. Medication exposure is associated with 50--95% of cases, depending on the population examined \[[@CR55]\].

People with certain HLA serotypes, TCR subtypes, or differences in their ability to absorb, distribute to tissues, metabolize, or excrete medications have a higher likelihood of developing SJS and TEN \[[@CR59]\].

Medications {#Sec3}
-----------

There are 100--200 medications associated with the development of SJS and TEN. Though this group of medications includes many antibiotics and sulfa-containing compounds, there is no existing test to determine definitively if a given medication was responsible for causing the skin reaction \[[@CR66]\]. However, there is an algorithm of drug causality for epidermal necrolysis (ALDEN) that was constructed to improve the individual assessment of medication causality in SJS and TEN \[[@CR66]\].

A small selection of these medications causes about half of all cases of SJS and TEN oxicam NSAIDs; phenylbutzone; sulfonamides such as sulfamethoxazole, sulfadiazine, sulfapyridine, sulfadoxine, sulfasalazine; allopurinol; lamotrigine; nevirapine; phenytoin; and carbamazepine \[[@CR62]\]. Acetaminophen has been identified as a possible cause in children but not in adults \[[@CR59]\]. A review of severe skin reactions from 1950 to 2013 associated with antineoplastic agents revealed that the following medications have been strongly correlated with SJS and TEN: bendamustine, procarbazine, fludarabine, busulfan, chlorambucil, and lomustine \[[@CR54]\]. Other drugs that can cause SJS and TEN include vancomycin, valproate, levofloxacin, etravirine, isotretinoin, quinolones, diclofenac, fluconazole, sitagliptin, oseltamivir, penicillins, barbiturates,sulfonamides, azithromycin, oxcarbazepine, zonisamide, modafinil, pyrimethamine, ethosuximide, bupropion, telaprevir, nystatin, cefixime, and trimethoprim \[[@CR59]\].

Some medications that have been investigated but not found to have a strong link to development of SJS and TEN include aspirin, sulfonylureas, vitamins, thiazide diuretics, furosemide, aldactone, calcium channel blockers, beta blockers, hormones, angiotensin-converting enzyme inhibitors, angiotensin II receptor antagonists, and statins.

Infections {#Sec4}
----------

Mycoplasma pneumoniae is the most common bacterial infection associated with the development of SJS and TEN. Infection with this microorganism is noted to be the cause of SJS and TEN more often in children than in adults, and treatment of the infection has led to improvement of skin symptoms in some cases \[[@CR31]\]. Less common bacterial agents implicated in its development include Yersinia, tuberculosis, syphilis, chlamydia, Streptococci, Salmonella, Enterobacter, and Pneumococcus \[[@CR59]\].

Coccidiomycosis and histoplasmosis are the potential fungal causes of SJS and TEN \[[@CR59]\]. Strongyloides infection was also associated with SJS and TEN in a case report \[[@CR7]\].

The incidence of SJS and TEN in patients with HIV is about one thousand times higher than the incidence in patients without HIV \[[@CR29]\]. This is likely due in part to the increased likelihood of HIV patients being exposed to potential culprit medications such as sulfonamides, but other cases are attributable to the HIV infection itself. Other viruses that may play a role in the pathogenesis of SJS and TEN include enterovirus, adenovirus, measles, mumps, CMV \[[@CR29]\], herpes simplex, HHV-6, and influenza \[[@CR59]\]. HHV has been recognized as a causative agent for SJS and TEN for several cases in children in particular. Some viral infections have been shown to increase expression ofFas ligand or sensitivity to Fas ligand-mediated apoptosis \[[@CR29]\], but the importance of Fas ligand expression may have been overestimated, both overall and in virally induced cases of SJS and TEN. Speculation exists that changes to immune cell activity in keratinocytes induced by infection contributes to development of SJS and TEN in these cases.

Malignancies {#Sec5}
------------

Patients with hematologic malignancies , and to a lesser extent nonhematologic malignancies, have a higher risk of developing SJS and TEN. It is not known if the malignancies themselves, disrupted immune function, or exposure to a higher variety of pharmacologic agents is the key variable responsible in this patient cohort \[[@CR41]\]. The magnitude of this risk has been estimated to be between two \[[@CR18]\] and as much as sixty \[[@CR70]\] times that of the patient without any malignancy, but this variance may depend on the patient population examined. Diagnoses of hepatocellular carcinoma and colorectal cancer (but not hematologic malignancy, lung cancer, or urothelial carcinoma), abnormal labs, and recent or current chemotherapy administration were associated with higher risks of death in a recent review of patients in the UK \[[@CR68]\]. A study of patients in the USA found that SJS and TEN were most associated with multiple myeloma, leukemia, non-Hodgkin's lymphoma, and CNS malignancies \[[@CR25]\]. An earlier review of patients at a Roman hospital indicated that CNS malignancy and NHL were the most common malignancies associated with SJS and TEN \[[@CR23]\].

Other Causes {#Sec6}
------------

There are rare cases in which vaccinations have been thought to lead to SJS and TEN, including the smallpox vaccination, the diphtheria-pertussis-tetanus (DPT) vaccination, Bacillus Calmette-Guérin (BCG) vaccination, and the measles-mumps-rubella (MMR) vaccination \[[@CR55]\].

Cases of SJS and TEN have been reported after allogenic bone marrow transplantation; however, these cases have been difficult to distinguish from severe graft versus host disease due to similarity of skin appearance on exam and histology. Radiation therapy, inflammatory bowel disease, administration of IV contrast, and toxic chemical exposure have rarely been implicated in cases of SJS and TEN \[[@CR62]\]. The cases of SJS and TEN associated with inflammatory bowel disease may have been associated with anti-TNF alpha therapy rather than the disease itself.

Epidemiology {#Sec7}
============

The incidence of SJS and TEN is about one or two cases per one million people. TEN and SJS have been known to occur in patients of all ages, but the highest incidence is in adults greater than 40 years old \[[@CR59]\]. Incidence is about equal in men and women \[[@CR30]\]. Most cases tend to occur in winter or early spring, which could correlate with antibiotic prescriptions \[[@CR18]\].

An observational study of patients with SJS and TEN in the UK indicated patients of African or Asian ancestry had twice the chance of developing SJS and TEN compared with white patients; however, the general applicability of the study is limited by the low sample size. Higher incidence in patients with epilepsy, gout, and autoimmune diseases was thought to be largely attributable to associated medications rather than to the diseases themselves. No association was found between SJS and TEN and tobacco use, alcohol use, or obesity \[[@CR18]\].

Genetics {#Sec8}
--------

There appears to be a predilection for developing SJS and TEN in reaction to particular medications depending on patients' ethnicity and MHC I. People of Han Chinese or Thai ancestry living in Taiwan who also expressed HLA-B\*1502, as well as HLA-B\*1511, were more likely to havecarbamazepine or phenytoin-induced SJS and TEN \[[@CR11]\], while those who expressed HLA-B\*5801 were more likely to have the reaction after allopurinol exposure \[[@CR26]\]. Other MHC allotypes have also been associated with development of SJS and TEN upon exposure of these medications:People of Han Chinese descent with HLA-A\*2402 have an increased risk of developing SJS and TEN in response to lamotrigine, carbamazepine, and phenytoin \[[@CR57]\].Some association was also found in people of Japanese \[[@CR27]\] and European \[[@CR35]\] descent with expression of HLA-B\*5801 and allopurinol-induced SJS and TEN.

Other HLA subtypes are associated with multiple types of skin reactions in addition to SJS and TEN upon exposure to the more common culprit medications:Expression of HLA-A\*3101 in patients who are of European, Japanese, and Indian origin is associated with both SJS and TEN as well as drug reaction with eosinophilia and systemic symptoms (DRESS) \[[@CR38]\].Patients of Thai ancestry who have the HLA-B\*1301 allele tend to have a variety of drug-induced hypersensitivity reactions, including SJS and TEN, because of dapsone \[[@CR61]\].

Noting these relationships has led to clinical recommendations in a minority of cases: There are some recommendations that patients of Asian ancestry who express HLA-B\*1502 or HLA-A\*3101 should undergo screening prior to initiation of carbamazepine treatment \[[@CR2]\]. The carbamazepine-mediated reaction was not seen in people of Japanese \[[@CR27]\], Korean, or European descent \[[@CR36]\].

While the HLA subtype is a more commonly recognized genetic risk factor for the development of SJS and TEN, expression of certain cytochrome P450 enzyme subtypes can also be a predisposing factor: CYP2C9 is drug-metabolizing cytochrome P450 that metabolizes phenytoin. The CYP2C9\*3 variant metabolizes phenytoin at a reduced rate and patients with CYP2C9\*3 have been shown to have higher blood levels of phenytoin at similar doses as well as an increased incidence of SJS and TEN \[[@CR37]\].

Pathophysiology {#Sec9}
===============

T-cell activation in SJS and TEN can be precipitated by a variety of stimuli that lead to unintended immune activation, primarily medications and/or their metabolites, but also including infections or malignancies. A favored theory regarding T-cell activation is termed the prohapten concept. A medication or its metabolite can bind with host protein to form a novel antigen. This antigen is taken up by APCs, which process the protein and then display the resulting peptides on the HLA component of theirMHC for presentation to TCRs on CD8+ or CD4+ T cells. Upon binding of the HLA-novel antigen on the APC to the TCR of the CD4 or CD8+ T cell, the T lymphocyte is induced to replicate and these T cells will target host tissues \[[@CR31]\]. Another model is termed the pharmacologic interaction of drugs with the immune system (p-i) concept. In this model, medications or their metabolites noncovalently bond with the type I MHC and TCR, which sets off production of T cells only. This theory could explain the lack of significant B cell populations found in the skin of patients studied with SJS and TEN.

However, other studies focusing on the role of APCs showed that production of T cells was absent when pathways responsible for antigen presentation and processing were inhibited by stimulating isolated lymphocytes from patients with known hypersensitivity reactions to sulfamethoxazole. In this same study, when this group of lymphocytes was isolated again and incubated with the inhibitors of antigen presentation, glutaraldehyde and glutathione, sulfamethamethoxazole metabolites were not able to stimulate T-cell proliferation \[[@CR9]\]. This study provided positive evidence to support the prohapten concept. In fact, both models could explain in part the disease pathophysiology, although a complete understanding, including a coherent synthesis of the two, has yet to be achieved \[[@CR55]\].

In cases of immune activation by means other than medication reaction, the stimuli, whether it is infection or malignancy, can promote propagation of memory T cells that have activity against self-antigens \[[@CR44]\]. The process by which responses to stimuli such as infection or malignancy produces memory T-cell production is termed heterologous immunity. However, in many of these cases, it can be challenging to determine if SJS and TEN is occurring in response to the infection or malignancy itself or in response to its treatment. Furthermore, because such a preponderance of cases are due to medications rather than other causes, it is difficult to develop evidence for the mechanistic model by which these other stimuli propagate T-cell proliferation. Studies that reported lack of representative symptoms in CD8+ T-cell-deficient animal models reinforce the central role of cytotoxic T cells but do not elucidate the mechanism of their activation \[[@CR52]\].

Several cytokines mediate apoptosis in SJS and TEN, including granulysin, perforin, and granzyme B, as well as tumor necrosis factor \[[@CR46]\], with related molecules in a supportive role. Cytotoxic T cells can secrete granules that contain granulysin, perforin, and granzyme B. These granules penetrate cell membranes and lead to mitochondrial damage, resulting subsequently in cell death. Analysis ofblister fluid from patients with SJS and TEN compared with blister fluid from burn patients showed that the blister fluid from patients with SJS and TEN contained up to twenty times more granulysin, eight times more granzyme B, three times more perforin, and twice as much Fas ligand (Fas-L) \[[@CR55]\].

The presence of NK cells and macrophages alongside cytotoxic CD8+ T lymphocytes, which are the predominant immune cell population found in skin and blister fluid samples, supports the hypothesis that these cells behave in a cooperative manner to mediate keratinocyte apoptosis. These cells can secrete or support secretion of members of the tumor necrosis superfamily: tumor necrosis factor (TNF) alpha, CD40L, and Fas-L \[[@CR1]\], which promote antigen presentation and other pathways of apoptosis \[[@CR32]\].

The exact pathway through which T cells and NK cells produce these mediators has not yet been elucidated, but a study suggests that degranulation is potentially triggered by an interaction between HLA-E, an MHC1b molecule, on keratinocytes and CD94/NKG2CR on T cells \[[@CR43]\]. Apoptosis of keratinocytes is the hallmark pathophysiologic feature of SJS and TEN.

Clinical Features {#Sec10}
=================

SJS and TEN most commonly start 4--28 days after the culprit medication is first administered \[[@CR5]\]. If a medication is withdrawn and rechallenged, then onset more often occurs within a few hours to a few days \[[@CR66]\]. Therefore, newly added drugs should merit more thorough consideration as the causative agent than medications with which the patient has been chronically treated.

The initial symptoms typically experienced include high fevers (\>39 °C), pharyngitis, headache, arthralgias, malaise, and conjunctivitis, in addition to the skin lesions \[[@CR58]\]. Of note is that fever, malaise, and arthralgias may be present in the first few days prior to any cutaneous involvement \[[@CR66]\].

The next phase consists of epidermal detachment, which typically evolves over 5--7 days \[[@CR62]\]. Subsequently, the "plateau" phase is characterized by progressive re-epithelization and lasts for a range of several days to several weeks, depending on disease severity and extent of comorbidities. Given the heavy burden of post SJS and TEN sequelae, frequent follow-up is often necessary on recovery to manage all the complications \[[@CR50]\].

Mucocutaneous Manifestations {#Sec11}
----------------------------

Mucosal involvement is noted in about 90% of cases and at least two different sites are typically involved \[[@CR62]\].

The lesions characteristic of this syndrome are blisters with mucosal and epidermal detachment that results from epidermal necrosis without significant dermal inflammation. The blisters will develop on top of target lesions or macular lesions with significant involvement of the mucosal layer. These skin lesions can sometimes be confused with erythema multiforme (EM) associated with herpes simplex virus infection or the mucositis and blistering lesions seen in mycoplasma infection in children; however, these other phenomena have a less diffuse distribution than SJS and TEN \[[@CR58]\].

When these lesions occur, they first emerge as erythematous, dusky, or purpuric plaques, papules, or blisters, sometimes with formation of vesicles \[[@CR59]\]. Sometimes the lesions appear as targetoid lesions with dark centers \[[@CR69]\]. They tend to first appear on the face, proximal limbs, and upper trunk. The lesions will grow and become confluent over hours to days, covering the rest of the body \[[@CR62]\].

The lesions will then develop into painful ulcerations, which leave eroded areas covered with pseudomembrane and necrosis. Many patients will have tender hemorrhagic erosions with gray-white pseudomembranes and crusts over the vermillion border of the lips on presentation \[[@CR58]\].

Nikolsky's sign is specific for SJS and TEN at this stage, but it is not sensitive as it also occurs in Staphylococcal scalded skin syndrome, pemphigus vulgaris, and mucous membrane pemphigoid. Nikolsky's sign is a dermatologic finding in which there is detachment of the epidermis at application of pressure, which results in an erythematous erosion. Nails can be shed in TEN \[[@CR62]\].

There is not a strong correlation between severity of cutaneous and mucosal involvement \[[@CR3]\].

Following the resolution of SJS and TEN, skin may be hypopigmented, hyperpigmented, or scarred. Nail growth may be abnormal in approximately one-third of surviving patients, with such defects as nail bed pigmentation changes, nail ridging, dystrophic nails, and permanent paronychia \[[@CR62]\]. A similar proportion of surviving patients will suffer from dry mouth, altered sense of taste, and dental changes \[[@CR20]\].

Ophthalmologic Manifestations {#Sec12}
-----------------------------

Odynophagia and burning or stinging of the eyes can start early and will portend mucous membrane involvement \[[@CR62]\].

Approximately 80% of cases with have ocular involvement which is characterized by erythema, discharge, lacrimation, tenderness, and photophobia \[[@CR62]\]. Severity of initial symptoms correlate with the development of subsequent complications \[[@CR56]\].

Ophthalmologic sequelae occur due to altered conjunctival epithelium with abnormal lacrimal film. The ocular complications can include hyperemia, pseudomembrane formation, Sjorgen-like sicca syndrome, purulent conjunctivitis, dry eyes, entropion, trichiasis, symblepharon, inverted or loss of eyelashes, and corneal metaplasia causing corneal erosions/ulcerations \[[@CR24]\]. These developments can lead to loss of vision. Bulbar conjunctiva and synechiae between eyelids are subsequent manifestations \[[@CR56]\].

Genital, bronchial, esophageal, and pharyngolaryngeal lesions are less frequently occurring characteristics but merit special attention \[[@CR58]\]. The genital lesions most often present as dysuria. Synechiae may also form because of genital lesions, especially if overlooked \[[@CR39]\].

Bronchial Manifestations {#Sec13}
------------------------

Although patients may have normal chest radiographical findings and limited or no respiratory symptoms on initial presentation, careful monitoring is needed due to the potential for the rapid development of pulmonary changes. Approximately 25% of patients with SJS and TEN will have pulmonary involvement, which tends to first be heralded by cough and tachypnea. Interstitial lesions may appear that can lead to acute respiratory distress syndrome (ARDS). Bronchoscopy may be useful to help distinguish between infectious complications of ARDS versus ARDS due to SJS and TEN itself \[[@CR62]\].

GI Manifestations {#Sec14}
-----------------

Necrosis of the esophageal, small bowel, or colonic epithelium occurs rarely but presents as diarrhea with melena, signs of malabsorption \[[@CR40]\], and at worst perforation \[[@CR8]\].

Renal Manifestations {#Sec15}
--------------------

Prerenal azotemia is a common complication. Renal failure due to acute tubular necrosis may occur due to apoptosis of the epithelial cells lining the tubules. Other renal manifestations can include proteinuria and hematuria. Elevated blood urea nitrogen (BUN) can signal severity of renal involvement \[[@CR6]\].

Hematologic Manifestations {#Sec16}
--------------------------

Neutropenia can occur rarely and tends to involve cases with poor prognosis. Anemia is often present. Eosinophilia does not commonly occur. A common hematologic finding is transient CD4+ lymphopenia, which corresponds to poor T cell function \[[@CR62]\].

Endocrine Manifestations {#Sec17}
------------------------

Because SJS and TEN represent an extremely catabolic state, insulin secretion is often decreased, and insulin resistance can occur. These changes typically result in hyperglycemia and the development of diabetes. Blood glucose level greater than 14 mM portends severe disease and poor prognosis \[[@CR5]\].

Other Manifestations and Laboratory Markers {#Sec18}
-------------------------------------------

Mental status changes because of SJS or TEN on their own are rare. As a result, patients tend to be cognizant of the changes, and extreme distress from severe pain is common \[[@CR66]\].

Mild transaminitis and amylase elevation are commonly seen but do not affect prognosis \[[@CR62]\].

Histopathology {#Sec19}
--------------

The pathologic specimen is typically obtained from skin or mucous membrane biopsy; however, similar changes are found in other tissue types involved as well \[[@CR48]\]. In the early stages of SJS and TEN, there are sparse apoptotickeratinocytes in the epithelium, which then rapidly changes to a full thickness necrosis with subepidermal detachment. Sweat glands and hair follicles can be involved. The later stages of the disease also feature inflammatory infiltrate of the papillary dermis, made up predominantly of CD8+ T cells and macrophages. Eosinophilia is not commonly seen in TEN \[[@CR64]\].

Diagnosis {#Sec20}
=========

While there is no test or list of criteria to prove definitively that a patient has SJS and TEN \[[@CR62]\], a skin biopsy can help rule out other conditions with similar presentations. The specimen is best obtained via a shave biopsy or punch biopsy that contains dermis. When preparing the sample for submission, it needs to be collected in formalin, the suspected diagnosis of SJS and TEN should be listed on the accompanying paperwork, and rapid processing (a few hours or less) should be requested \[[@CR59]\].

It is difficult to distinguish clinically SJS and TEN from erythema multiforme (EM) early in the clinical presentation, but EM will manifest less extensively and floridly than SJS and TEN, and EM will not have the extensive mucosal involvement that often accompanies SJS and TEN \[[@CR65]\].

Limited involvement of mucous membranes should prompt evaluation of alternative diagnoses, such as Staphylococcal scalded skin syndrome in infants, purpura fulminans in younger people, and in adults acute generalized exanthematous pustuosis, phototoxicity, or pressure ulcers \[[@CR65]\]. Trauma-induced scalding or thermal burns merits consideration if loss of consciousness was the first symptom in the patient's presentation \[[@CR62]\]. Slower progression of disease would be more typical of linear IgA dermatosis and paraneoplastic pemphigus.

Skin biopsy should allow for differentiation between SJS and TEN and DRESS, exfoliative erythroderma, Staphylococcal scalded skin syndrome, bullous pemphigoid, pemphigus vulgaris, linear IgA dermatosis, paraneoplastic pemphigus, and pemphigus foliaceus. Hematoxylin and eosin staining and direct immunofluorescence will be done to distinguish among these diagnoses \[[@CR59]\].

Management {#Sec21}
==========

There is not currently a proven effective cure or treatment for SJS and TEN, so the best approach given current data includes high suspicion for this syndrome, early clinical diagnosis, immediate cessation of suspected culprit medication \[[@CR19]\], supportive therapy, and close monitoring for and treatment of complications with high morbidity, such as infection and ophthalmologic sequelae. If a patient has a SCORTEN score of less than or equal to one, has limited skin involvement, and has slower progression of disease, then care can take place in a nonspecialized setting, but all other patients need to be in an ICU or burn unit \[[@CR16]\], as patients who receive care in burn units often have better morbidity and mortality outcome \[[@CR33]\]. A dermatologic specialist should be consulted in all suspected cases.

Nonpharmacologic Management/Supportive Care {#Sec22}
-------------------------------------------

Assessment of vital signs is an important first step in the evaluation of patient with suspected SJS or TEN as tachypnea and hypoxia can signal respiratory alkalosis from respiratory involvement \[[@CR62]\].

Massive fluid loss through the skin lesions should be treated with aggressive fluid resuscitation as fluid loss causes hypotension due to hypovolemia, hypoalbuminemia, electrolyte disturbances, and renal dysfunction. While large doses of intravenous fluids are administered, smaller volumes than what are typically used for burns can be given due to the lack of interstitial edema in SJS and TEN \[[@CR62]\].

Other supportive therapies in these cases usually include hemodynamic monitoring and stabilization, prophylaxis against infection, nutrient supplementation and/or replacement, temperature management, analgesia, and thorough care of skin, eyes, and mucous membranes \[[@CR62]\].

Infectious complications are the first sequelae to appear and since sepsis is the primary cause of mortality in SJS and TEN, aggressive treatment is indicated \[[@CR42]\]. The infectious agents most commonly detected are *Staphylococcus aureus* and *Pseudomonas* spp. As one-third of positive blood cultures in these patients contain noncutaneous Enterobacteriae, bacterial translocation from the GI tract is thought to be a common means of infection. Besides frequent daily mouth rinse with antiseptic or antifungal solution, prophylactic antibiotics are not indicated. Instead, careful aseptic technique should be stressed. Frequent culture specimens should be obtained from skin, blood, and urine \[[@CR13]\].

Surgical debridement of wounds is not recommended since it can worsen skin lesions; however, the best methods for addressing the cutaneous lesions and optimizing skin care have not yet been determined \[[@CR14]\].

Ocular lesions should be assessed by an ophthalmologist daily. Treatment with preservative-free emollients, antiseptic or antibiotic eye drops, and vitamin A are the interventions recommended early in the disease course to limit subsequent development of complications. These treatments tend to be more effective if administered earlier \[[@CR64]\]. A retrospective review of patients with ocular complications of SJS and TEN who were fitted with scleral lens noted reduction in photophobia and tenderness \[[@CR49]\].

Suction to prevent aspiration pneumonitis may be indicated in cases with oropharyngeal involvement \[[@CR5]\].

Pharmacologic Management {#Sec23}
------------------------

Among the additional treatments to consider are several immunosuppressants, but these therapies could be a hindrance to recovery in cases complicated by infection \[[@CR10]\].

### Steroids {#Sec24}

The efficacy of steroids in treatment of SJS and TEN remains to be elucidated, but this class of drugs remains the standard of care as first-line therapy in TEN after or in addition to supportive care \[[@CR54]\]. If steroids are given, high dose pulse therapy is favored over smaller doses administered over a longer time period. Prednisone 1--2 mg/kg daily might be helpful early in the disease process, but prolonged use has led to increased mortality \[[@CR51]\]. No prospective studies examining use of steroids compared to supportive care alone have yet been performed, but a large cohort study did not show any meaningful difference in survival with the use of steroids versus best supportive care \[[@CR53]\].

### Cyclosporine {#Sec25}

Administration of cyclosporine could be considered based on the theoretical plausibility of the putative mechanism of action and several case reports and series \[[@CR10]\]. Cyclosporine-mediated cytokine activation, CD8+ cell inhibition, Fas-L inhibition, NFKB inhibition, and TNF-alpha inhibition have all been hypothesized to affect SJS and TEN. Early administration of cyclosporine A in a couple case series at 3 mg/kg daily \[[@CR63]\] or twice daily \[[@CR3]\] has been described as resulting in lower than expected mortality rates than could be anticipated with steroid treatment.

### IVIg {#Sec26}

Treating SJS and TEN with IVIg has been recommended in some cases, but the overall effectiveness of this approach is still controversial \[[@CR47]\].

The proposed mechanism of action that led originally to the consideration of IVIg as treatment is as follows: IVIg can act as a blocking antibody, which would interfere with the Fas ligand-induced keratinocyte apoptosis that underlies this cutaneous reaction. However, examination of blister fluid and cells from wounds of patients with SJS and TEN contained two to four times as much granulysin as compared with Fas-ligand. This finding has led to the reconsideration of the putative mechanism of action described above \[[@CR55]\].

Some reviews and retrospective analyses with smaller enrollments including adults who had received IVIg for SJS and TEN demonstrated a mortality benefit when patients had received IVIg in doses \>2 g/kg over the course of 3--4 days. However, other studies did not show any benefit \[[@CR4]\].

The efficacy of IVIg is likely dependent on timing of administration (early or late in disease course), variability in each IVIg dose, dose of IVIg given, and patient's morbidity burden, particularly renal failure \[[@CR10]\].

### Plasmapheresis {#Sec27}

Plasmapheresis is thought to work by filtering off the inciting agent (the autoantibody or medication and/or its metabolites) or its downstream mediators \[[@CR54]\]. Case series have been examined in which TEN patients received plasmapheresis with \[[@CR34]\] or without \[[@CR15]\] IVIg daily or every other day. These studies demonstrated lower than expected mortality. Reviews of plasmapheresis used in conjunction with pulse dose steroids have concluded that this combination could result in lower mortality rates or improved time to recovery \[[@CR70]\]. Some case series suggested beneficial responses for patients refractory to other therapies \[[@CR60]\]. In other case series, patients failed to exhibit any benefit from the use of plasmapheresis \[[@CR17]\]. Plasmapheresis has been covered by insurance in Japan since 2006 as a second-line therapy for TEN \[[@CR69]\]. The American Society of Apheresis lists plasmapheresis as a category 3 grade 2B recommendation \[[@CR54]\].

### Thalidomide {#Sec28}

Thalidomide has been investigated for use in treatment of SJS and TEN, but its use cannot be recommended based on current evidence \[[@CR36]\]. Because keratinocyte apoptosis in TEN is thought to be mediated by TNF alpha, it was hypothesized that the thalidomide-mediated TNF alpha inhibitor activity might grant it a role in the treatment of TEN. A prospective, randomized controlled study comparing the use of thalidomide to placebo in patients with TEN who had not received any therapy closed early after enrolling 22 of the planned 50 patients when 13 of the 22 patients died over the 16 months enrollment had been open. Upon unblinding of the results, it was found that 10 patients out of 12 had died in the thalidomide group, and 3 people out of 10 had died in the placebo group. The trial was then stopped at the recommendation of the group's safety board \[[@CR29]\].

Prevention {#Sec29}
----------

Upon recovery, the patient should be alerted to the culprit medication and advised to never take that medication again. The patient should also be warned that other medications in the same class may cause the same reaction. The medication should be placed on the patient's allergy list and the patient may elect to wear a medical alert bracelet \[[@CR5]\].

Prognosis {#Sec30}
=========

Prognosis correlates with extent of mucocutaneous necrosis, with SJS having a mortality rate of approximately 5--10% and TEN having a mortality rate of 30--40% \[[@CR28]\]. Most deaths occur in elderly patients, with death being more likely in patients with greater comorbidity burden \[[@CR67]\]. Sepsis is the primary cause of death in patients with SJS and TEN \[[@CR33]\]. Pulmonary complications occur in approximately 15% of cases. Multisystem organ failure is noted in at least 30% of patients with SJS and TEN \[[@CR45]\]. Purported cause does not play a role in risk of mortality. The SCORTEN scale allows for estimation of risk of death. Each of the following prognostic factors in the SCORTEN scoring system is worth one point: age greater than 40 years old, heart rate greater than 120 beats per minute, presence of malignancy, BSA greater than 10% involved, serum urea greater than 10 mM, serum bicarbonate less than 20 mM, and serum glucose greater than 14 mM. A score of 0--1 is associated with a mortality rate of 3.2%, 2 with 12.1%, 3 with 35.8%, 4 with 58.3%, and 5 or greater with 90% mortality \[[@CR10]\]. Serum bicarbonate less than 20 mM indicates pulmonary involvement and also portends poor prognosis. GI involvement also indicates elevated morbidity and mortality should be anticipated \[[@CR5]\].

Among patients who survive, complications are very common. Ninety percent of people in a cohort of European patients who remained alive after experiencing SJS and TEN had multiple persistent complications and a perception of worsened quality of life (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Histologic appearance of toxic epidermal necrolysis. (**a**) Eosinophilic necrosis of the epidermis in the peak stage, with little inflammatory response in the dermis. Note cleavage in the junction zone. (**b**) The completely necrotic epidermis has detached from the dermis and folded like a sheet
